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Abstract—In this paper, a dual-basis testing method is utilized
to enhance the field projection in the equivalence principle
algorithm (EPA). Due to the presence of identity operators in the
EPA formulation, the near-field calculation is less accurate with
field projection errors. This issue can be effectively remedied by
using the recently proposed dual-basis function of Rao-Wilton-
Glisson basis function, named as rotated Chen-Wilton-Buffa-
Christiansen basis function. Numerical result shows the validity
of the proposed method.
I. INTRODUCTION
Recently, domain-decomposition methods (DDMs) are
of growing interests in the computational electromagnetics
(CEM) community [1]–[3]. One of DDMs is the equivalence
principle algorithm (EPA) that is based on the integral equation
method. Like other DDMs, the EPA can effectively divide a
large problem into multiple smaller problems [4], [5]. It also
can separate the regions with low frequency physics (circuit
physics) from the regions with mid frequency physics (wave
physics). By breaking a large and complex geometry down
into a sum of smaller partitions, the EPA only needs to solve
the sub-region problems at one time. Although it has become
popular not only as an algorithm but also in applications, very
few works have been done regarding its accuracy for near field
calculation.
Recently, much studies have been devoted to the so-
called Buffa-Christiansen (BC) basis [6] and its application
in Caldero´n preconditioning (CP) [7], on account that it
offers dramatic acceleration in terms of convergence speed. In
effect, this kind of basis function also was studied in [8] and
has been referred as Chen-Wilton-Buffa-Christiansen (CWBC)
basis [9]. Apart from the use in CP, the CWBC basis function
was studied for improving the accuracy of the second-kind
Fredholm integral equation [10]. Furthermore, a comprehen-
sive investigation of discretization scheme is given in [11],
where the effect of the CWBC basis functions are studied.
As a result, it is important to note that the identity operator’s
accuracy could be improved by using this kind of dual basis
testing functions. This is beneficial to EPA because it also
involves the discretization of identity operators.
In this paper, the implementation of CWBC basis functions
with EPA is presented and discussed. The rotated CWBC
basis functions are used as testing functions when discretizing
the identity operator, which occurs both in inside to outside
procedure and the reverse one. Moreover, the suppression of
fields projection errors are also demonstrated.
II. FORMULATION
As described in [4], the EPA is based on the equivalence
principle operator (EPO) or scattering operator as:"
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where the subscript p indicates that the operator is associated
with a perfect electric conductor (PEC) inside the equivalence
surface, and [Lpp] 1 represents the electromagnetic solver for
the currents inside the equivalence surface.
The precision of EPA relies critically on the the accuracy
of the equivalent currents which are generated from field
projection onto the equivalence surfaces. The field projection
error originates in the outside-in and inside-out propagations
of the EPO S.
From Eq. (1), the field projection procedure in the inside-out
propagation can be expressed as"
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(2)
where Esca and Hsca are the scattering field from objects
inside the equivalence surface. Normally, we use Rao-Wilton-
Glisson (RWG) basis to expand the equivalent electric and
magnetic current:
Jscas =
X
i
jii; M
sca
s =
X
i
mii: (3)
Here,  stands for the RWG basis. Testing the above with
two sets of basis functions fX1;X2;    ;XNg, Eq. (2) is
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transformed to the following matrix system,
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where
[G]mn = hXm;ni (5)
[bj ]m = hm; n^Hscai (6)
[bm]m = hm; 1

n^Escai: (7)
The above system corresponds to the field projection proce-
dure. Mathematically, this procedure amounts to the discretiza-
tion of the identity operator.
It is noted that the field projection error varies from different
testing basis functions X. Here, the rotated CWBC basis
function is employed into Eq. (4).
III. NUMERICAL RESULTS
To validate our proposed method, the scattering field of
a Hertz dipole is calculated as a numerical example. The
accuracy of near field is critical for EPA method since different
equivalence surfaces interact directly at near field region.
Fig. 1 shows the electric field radiated from a Hertz dipole at
150 MHz located at (0:0; 0:0; 0:0) and polarized in z^ direction.
The relative errors of two different methods are demonstrated
in Fig. 2. As we can see from this figure, the relative errors
have been suppressed dramatically in comparison with the
original case.
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Fig. 1. The radiated field of a Hertz dipole at 150 MHz along the a line.
IV. CONCLUSION
In this work, we have employed the CWBC basis func-
tions as testing functions in field projection procedure of
EPA. Numerical result shows that the field projection errors
have been suppressed effectively, which means a remarkable
improvement of accuracy has been achieved for near-field
calculation. Therefore, this method has potential benefits in
some applications where the near-field accuracy is important
and much more desired.
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Fig. 2. The relative error along the line.
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